Introduction
Wrong-way driving (WWD) is defined as the act of driving in the opposite direction of traffic flow on physically divided highways. This type of crash is mainly known for its severity rather than its frequency.
Previous literature has found a considerable fatality rate (per fatal crash) for WWD crashes compared to other crashes on highways. For instance, a study by showed a rate of 1.34 fatality per fatal WWD crashes while this number is calculated as 1.10 fatality per fatal crash for other crash types on physically divided highways. Given these, a better understanding of WWD crashes to come up with sound, effective countermeasures is vital. In this short paper, a multinomial logistic model (MNL) approach is applied to identify those confounding factors that significantly affect the injury severity of drivers involved in WWD crashes.
Data
Given the rareness of WWD crashes and in order to bolster the sample size, WWD data from two states, Alabama and Illinois, are used in this study. It should be noted that the data from these two states are comparable. The extensive process to identify and verify WWD crashes are described in and in detail. Using these two databases, a total of 398 WWD crash records were used for analysis. Several variables at crash, vehicle, and person levels were used for modeling purpose. Given the scope of this study, which is severity analysis, the crash data was segregated based on the injury severity of drivers. To ensure sufficient number of observation in various categories, the 5-level severity scale of KABCO was converted to a 3-level severity scale of No Injury, Minor Injury (combined C-and B-injury), and Severe Injury (combined A-injury and fatality). Table 1 summarizes the studied variables and some of their statistical characteristics across each severity level. Based on these categorization, 53.27% of WWD crashes were found to involve no injury, 17.59% caused minor injury, and 29.15% were found to be severe. 
Econometric Model
In this study, the multinomial logit model (MNL) was employed for severity analysis. The MNL model does not consider the injury severity as an ordinal outcome. For a discussion on this assumption please refer to . In this model, one category (here, No Injury) is chosen as the reference category and the probability of each category is compared to the probability of the reference category. Let us define the injury severity levels as i = 2 ,…, K. The probability of each injury severity category is calculated as follows:
Where:
And β and x are vectors od estimated parameters and corresponding variable, respectively. And for the reference injury severity level we have:
Rearranging equations 1 and 3 yields the following formulation for MNL model:
In this study, elasticities are used to quantify the effect of various confounding factors on the injury severity. Table 2 shows the estimated parameters as well as the calculated elasticities for the statistically significant variables under each injury severity level. As can be seen in this table, not wearing a seatbelt has a statistically significant effect on injury severity with a considerable increase in the probability of severe injuries. Specifically, not using a seatbelt has more than doubled the probability of severe injuries and decreased the probability of no injuries by 69.3%.
Results and Discussion
As for seasonal effect, crashes happened during autumn and winter tend to be less severe, increasing the probability of no injury crashes and decreasing the probability of severe injuries.
Time of day is another factor that affects the severity of injuries significantly. Crashes happened during both afternoon and night are more likely to be severe with different magnitude of the change in severity. In other words, crashes happened during the afternoon are shown to be more severe that those happened during night.
Airbag deployment can also increase the severity of crashes significantly. Deployed airbags increase the probability of severe crashes by 85.6% and decrease the probability of no injuries by 73.8%. This result shows that the deployment of airbags can itself hurt drivers. However, the interpretation of the change in severe injury likelihood should be done with cautious as this group of injury severity encompasses both incapacitating and fatal crashes. Per the existing literature, airbag deployment can increase the likelihood of being severely damaged (incapacitating injury) while decreasing the likelihood of fatalities.
WWD crashes happened during darkness when no lighting is provided is associated with a 43.8% increase in the likelihood of severe injuries and a 20.5% decrease in the likelihood of no injuries.
Finally, having a head-on crash can increase the probability of severe injuries by 133.7%, which is the factor with the highest effect on injury severity.
Conclusions and Recommendations
This short paper provides the results of an injury severity modeling of WWD crashes using MNL approach.
Per the obtained results and calculated elasticities, several countermeasures can be proposed to address WWD crashes and reduce the severity of their outcome. For instance, stricter laws to enforce seatbelt use can be proposed for drivers, specifically those with a history of DUI. It is shown in previous studies that DUI drivers are more likely to drive without seatbelt fastened. Providing ample lighting at exit ramp terminals and at locations with high probability of WWD crashes (either due to a WWD history or engineering judgement) can also be a good countermeasure. These countermeasures can be prioritized based on the obtained elasticities specially when the financially-restricted situations may hinder the application of all possible countermeasures.
